Abstract. Individual size and body condition determine the breeding success in many species of birds. We here present morphometric data and describe the relationships between body size, body condition, breeding success and ornaments of genetically sexed Burrowing Parrots (Cyanoliseus patagonus), including data from a year of adverse environmental conditions caused by the strong La Niña phase of the El Niño Southern Oscillation phenomenon of 1998-99. During droughts caused by La Niña, adults invested more resources in their own body maintenance and decreased provisioning to nestlings, as shown by higher adult body masses and body conditions, and increased nestling mortality due to starvation. We found slight sexual dimorphism, male Burrowing Parrots being structurally larger (~5%) than females. Adult Burrowing Parrots mated assortatively with respect to body condition and the size of the red feather patch in the centre of the abdominal region. We identified the red abdominal patch as a signal of individual quality. We also present correlations of adult body mass, body condition, measurements of structural size and ornaments, with parameters of breeding success and nestling growth. Female Burrowing Parrots in better body condition fledged heavier nestlings. Parameters of structural size of male Burrowing Parrots correlated with structural characters of the nestlings such as bill and tarsus length, and wing growth.
Introduction
An organism's life history is its lifetime pattern of growth, differentiation, storage and reproduction. Natural selection will favour the life history that is most successful at leaving descendants in a particular environment.
Individual size is one of the most apparent aspects of an organism's life history. Large size may increase competitive ability or decrease an organism's vulnerability to predation, thus increasing the survival of larger organisms. Larger individuals within a species often may also produce more offspring. On the other hand, size can increase some risks. Larger individuals require more energy for maintenance, growth and reproduction, and may therefore be more vulnerable to a shortage of resources.
Mate preferences, typically by females for males with particular traits, are widely documented (Andersson 1994) . Mate choice based on body size is widespread. It may lead to size-assortative mating; that is, larger males will tend to mate with larger females, and smaller males with smaller females (Delestrade 2001; Shine et al. 2001) . If all males prefer large females, and large males can exclude small ones from mating with preferred large females, an overall trend for mating according to size may result. Most animal species show such non-random mate choice (Real 1990) . Assortative mating in birds has also been found with respect to age (Black and Owen 1995) and social rank (Rintamäki et al. 1998) . Hill et al. (1999) pointed out that females should prefer traits that are the most reliable indicators of quality. Secondary sexual ornaments are often closely linked to parameters of individual quality (Andersson 1994) . Depending on environmental and individual condition, components of these ornaments may reflect different behavioural or physiological properties of an individual (Badyaev et al. 2001) . When ornamentation is costly, only high-quality individuals can produce the most elaborate (or largest) signals (Olson and Owens 1998) .
Although variation in reproductive success may be related to parameters of individual quality (e.g. Chastel et al. 1995) , variation also arises from stochastic environmental effects such as food availability and weather (e.g. Takagi 2001 ). These two mechanisms are not mutually exclusive and effects of environmental variability on breeding success and nestling growth may depend on the quality of adults.
Few studies of Psittaciformes (parrots and cockatoos) have been conducted in the wild and these studies consider only 8% of the psittaciform species . Such a lack of information is of particular concern as Emu J. F. Masello and P. Quillfeldt parrots and cockatoos have become the most endangered order of birds in the world during the last few decades: Collar et al. (1994) showed that 26% of the 350 species of Psittaciformes are at risk of global extinction while another 11% are near threatened. The principal sources of threat arise from loss, fragmentation or degradation of breeding habitat, collection of birds for the live trade, introduction of exotic species, and persecution and hunting. But some key features of their breeding biology also contribute to the fragility of the group: long life-spans, the commonly monogamous breeding system, the almost invariable habit of nesting in holes, and the absence of strong territorialism beyond the immediate vicinity of the nest, which contribute in several species to colonial breeding systems. For most parrot species there is still a lack of basic biological data, which are necessary for the identification of specific threats, the monitoring of populations, and the evaluation of the conservation measures taken. The Burrowing Parrot (Cyanoliseus patagonus) has one of the most southerly distributions of the Neotropical parrots. It has a long life-span, its breeding system is socially and genetically monogamous , and it breeds in big colonies, digging holes in high cliffs. Formerly, the Burrowing Parrots was very common in Argentina, but now it is only regionally abundant. The species' decline in parts of Argentina is due to increasing persecution as a crop pest, conversion of grasslands to croplands, and trapping for the increasing live bird trade (Bucher and Rinaldi 1986; Nores and Yzurieta 1994; Collar 1997; Juniper and Parr 1998) . Burrowing Parrots are among the most frequently sold psittacids in Europe (Guix et al. 1997) . In addition, some of its key breeding features, especially the habit of breeding in large and well known colonies, can contribute to the species' fragility and decline. Detailed information on Burrowing Parrots would be of great value for planned projects of sustainable harvesting of the species.
We studied the relationships between body size, body condition, breeding success and ornamental feathers in Burrowing Parrots during two extremely contrasting breeding seasons. The breeding success recorded for Burrowing Parrots during the breeding season 1999−2000 was the highest so far recorded for parrots in the wild . Rainfall before and during the breeding season 1999−2000 was average compared with the data of the last 30 years for the region of the study colony (Masello 2002) . In contrast, during the months before and during the breeding season 1998−99, a severe drought occurred in the region as a consequence of a strong La Niña event (see Spear et al. 2001) . The study site is located on the Atlantic coast of southern South America, a region experiencing dry conditions during the La Niña phase of the El Niño Southern Oscillation phenomenon (ENSO, see Holmgren et al. 2001) . At the beginning of the breeding season, in October 1998, only 5% of the long-term mean rainfall had fallen (Masello 2002 
Methods

Study species and site
Burrowing Parrots are highly gregarious colonial birds that can form large flocks and roosts, sometimes of more than 1000 birds. In Argentina, the species occurs from the Andean slopes in the north-west to the Patagonian steppes in the south (Darrieu 1980; Bucher and Rinaldi 1986) . Burrowing Parrots generally inhabit open grassland, but are also reported from wooded valleys with cliffs and farmland to about 2000 m above sea level (Juniper and Parr 1998) . The breeding birds occupy the colonies 1-2 months before egg laying and leave the breeding site gradually as the young fledge. Southern populations migrate then to the north, sometimes reaching as far as Uruguay (Bucher and Rodríguez 1986) . Burrowing Parrots excavate their own nest burrows by tunneling into the faces of sandstone, limestone or earth cliffs (Leonardi and Oporto 1983) . The nesting pairs use burrows that they have dug in previous seasons, but they enlarge the burrows every year. Each burrow is occupied by a single pair. Burrowing Parrots do not use nesting material but, rather, deposit their eggs on the sandy bottom of the nest chamber (Mey et al. 2002) . Burrowing Parrots lay one clutch per breeding season . The female incubates the eggs for about 24 days (de Grahl 1985) while the male provides food (David Clarke, personal communication) . Clutch size varies from two to five eggs. The young hatch asynchronously with an interval of two days between subsequent nestlings. Nestlings from a brood also fledged asynchronously, with an interval of 2-3 days between nestlings . Burrowing Parrots have a socially and genetically monogamous breeding system with intensive biparental care . The sexes share in feeding the nestlings, which remain in the nest for about 60 days . After fledging, the young are fed by the adults for approximately four months (Westen 1995) .
The study was carried out from October 1998 to February 1999 and November 1999 to January 2000 in the largest and most important colony of Burrowing Parrots, located in a sandstone cliff at the Atlantic coast in the province of Río Negro, Patagonia, Argentina. The colony covers 5-10 km of cliffs (Yorio and Harris 1997) ; the westernmost kilometre of the colony (41˚3S, 62˚48W) is by far the most densely populated, with 6750 active nests (Masello et al. 2001) . The habitat in the surroundings of the colony is primarily Patagonian steppe. Bucher et al. (1987) observed that the diet of Burrowing Parrots of central Argentina comprises seeds and fruits, with fruits predominating during the summer. In the study region, we observed Burrowing Parrots eating seeds of the giant thistle Carduus mariana, the thistles Xanthium spinosum and X. kravanilesii, furthermore seeds of other wild plants such as Avena fatua, Rumex crispus, and berries of wild shrubs like Condalia microphylla. For the study region, Forshaw (1973) mentioned berries of Empetrum rubrum, Lycium salsum and Discaria sp. as part of the Burrowing Parrot diet, and also described the habit of Burrowing Parrots to feed on soft parts of plants. We observed buds and other soft vegetable matter in crop contents of nestlings, especially during the first weeks of nestling rearing (November to mid-December: authors' unpublished data). Burrowing Parrots can sometimes feed on grain crops, but the damage to agriculture is a locally limited phenomenon (Bucher 1984; Bucher and Rinaldi 1986) .
Study methods
The breeding and nestling growth data of Burrowing Parrots during the year of average rainfall (1999−2000) were analysed by , and compared with the data of La Niña year by Masello (2002) . In the densest sector of the colony, 79 nests were selected and marked as part of an ongoing study of the breeding behaviour of the species during La Niña and the year of average rainfall. Nests were inspected every five days by climbing the cliff face. Burrowing Parrots tend to desert in response of disturbance during the incubation period (de Grahl 1985) and during the first week after hatching . In order to reduce observer influence, nests were not disturbed until about five days after the estimated hatching date of the last nestling of a clutch. Clutch size was determined by visual inspection of the nests using a flashlight, and without capturing the adults. At the time of the first measurement, when nestlings were still clearly different sizes, the hatching rank was determined, and nestlings were individually marked. Nestlings lighter than 100 g were first marked with nail enamel on their claws. When the nestlings reached 100 g, they were banded with numbered steel bands.
When one or two adults were present during nest inspection, they were captured, banded with numbered steel bands and measured. During the breeding season 1998−99, a total of 46 adults were captured at the nest (22 males and 24 females), while during the breeding season 1999−2000, a total of 56 adults were captured (26 males and 29 females; one individual could not be sexed). Of the 56 adults captured in 1999-2000, 46 were captured for the first time, while the remaining 10 adults were recaptures from the previous season (5 males and 5 females). These 10 recaptured adults were not included in analyses that reqired independent samples.
Blood samples for molecular sex identification (approximately 50 µL) of the adult and nestling Burrowing Parrots of the studied nests were taken by puncture of the brachial vein. Samples were immediately suspended in 70% ethanol (Arctander 1988 ) and stored at 4°C for 4-12 weeks and thereafter at -20°C until processing. DNA was extracted using standard procedures modified according to Miller et al. (1988) (for additional details see Lubjuhn and Sauer 1999) . Burrowing Parrots were sexed using PCR amplification of a highly conserved W-linked gene according to Griffiths et al. (1996) , modified for Biometra ® -Thermocycler T Gradient. PCR conditions were adjusted and PCR products digested with Hae III overnight. Fragments were separated using agarose gel electrophoresis (gel size 7×10 cm, 3% agarose, 9V/cm).
Precipitation data were provided by the Servicio Meteorológico Nacional of Argentina. Information on the La Niña event 1998 was obtained from http://140.90.191.231/oppt/loops/goes_sst/brief_dis.html
Breeding and morphometric parameters
The following parameters of breeding success were recorded: (1) clutch size, the number of eggs laid per nest; (2) hatching success, the percentage of eggs laid that hatched; (3) brood size, at the time of hatching of the last nestling, and 10, 20, 30, 40 and 50 days after; and (4) fledging success, the percentage of hatchlings that fledged.
Five morphometric parameters of the nestlings and attending adults were recorded each time the nest was inspected: (1) body mass, using a digital balance to the nearest 1 g; (2) tarsus length and (3) bill length, using callipers, to the nearest 0.1 mm; (4) wing length, the distance from the anterior surface of the radio-carpal joint to the tip of the longest primary, flattened along a wing rule to the nearest 1 mm; and (5) length of the innermost right tail feather using a feather rule to the nearest 1 mm. The fourth secondary covert of the right wing of adults was sampled for weighing. This feather was later weighed using a Mettler MT5 balance to the nearest 0.01 mg.
Pre-fledging measurements of the nestlings were taken the last time they were found in the nests (i.e. 1-4 days before fledging). To ensure that only true pre-fledging data were included in the analyses, only data of nestlings older than 55 days were included.
Growth rates of the wings and tail of individual nestlings were determined for the linear phase of the growth curves (see . The beginning and end of the approximately linear phase of both wing growth and tail growth were defined in terms of wing and tail lengths. For each nestling, growth rates were calculated using the time elapsed between these measurements. Tarsus growth rate could not be determined because most of its linear growth phase occurs during the first 10 days after hatching -observations were avoided during these 10 days due to the possibility of nest abandonment by the adults.
The ages of nestlings whose hatching dates were not known were calculated from a growth curve for the bill length of known-age nestlings, as described in .
Burrowing Parrots have a red feather patch in the centre of the abdominal region. Using a sheet of transparent plastic the contours of the red patch of adults were copied in order to calculate the surface area, length, and width of the patch. The red patch was copied the first time the adults were captured in each year.
Statistical analyses
As body mass is partly the result of structural body size and does not necessarily reflect the quantity of body reserves, we scaled body mass to body size as a condition index. To estimate overall body size, we used the first component of a principal component analysis (PCA) of wing, tarsus and bill length as a size factor. The first component explained 56% (n = 91) of the variance. To determine body condition, a multiple linear regression of body mass as dependent variable with wing, tarsus and bill length as predictors, was carried out (n = 91, R = 0.465, F = 7.999, P < 0.001). This allowed us to calculate an expected body mass for each combination of the three size factors as follows: expected body mass = 0.84(wing length) + 7.77(tarsus length) + 1.64(bill length) -205.34. Then, body condition was calculated as the ratio between observed body mass and expected body mass.
All analyses of nestling growth included only nestlings that survived to fledging. In order to exclude the influence of hatching order, analyses of growth parameters of nestlings were carried out on first hatched nestlings. Further details of the influence of hatching order are discussed elsewhere (Masello 2002) .
We found that in two nests one of the nestlings was not the genetic offspring of either parent . In one of the cases, a connection was found between the nest chamber and that of a neighbouring nest (which we could not access) late in the breeding season, suggesting that the broods were mixed. The second case of an unrelated nestling cannot be explained by brood mixing, and therefore most likely resulted from intraspecific brood parasitism. Thus, the two nests of these nestlings were not included in any analyses involving breeding success and nestling growth.
Data were analysed using Sigma Stat 2. 03 (1995) and SPSS 10.0 (1999) . Throughout this study all means are given ± s.e. The significance level used is P < 0.05. Note that sample sizes for different analyses varied as not all measurements could be taken on all birds.
Results
Variation of morphometric parameters between years and sexes
Differences between years and sexes of adult Burrowing Parrots (Table 1) were analysed using a mixed-model analy-sis (also known as General Linear Model, GLM). Adult Burrowing Parrots showed significant differences between the year of average rainfall (1999−2000) and the year of La Niña (1998−99) ( Table 2) . During La Niña, adults had higher body masses and body conditions, longer bills, and heavier fourth secondary coverts (Table 1) . Tail, tarsus and wing length of adult Burrowing Parrots showed no significant differences between years (Table 2) . Female Burrowing Parrots were smaller than males (Table 1) , with highly significant differences between sexes in most morphometric parameters (Table 2 ). In contrast, male and female Burrowing Parrots showed no differences in body condition (Tables 1, 2 ).
Ten adults (5 males and 5 females) were captured in both years. In line with the above results from independent samples, these recaptured adults had lower body masses (La Niña year, 286.1 ± 10.1 g; average rainfall year, 259.5 ± 6.6 g; paired samples test t = 3.648, d.f. = 9, P = 0.005), and longer tails (La Niña year, 234.5 ± 3.0 mm; average rainfall year, 239.2 ± 2.5 mm; paired samples test t = 2.703, d.f. = 9, P = 0.024). There were no differences in any other morphometric parameters between the years in the recaptured birds.
Red abdominal patch of adults and assortative mating
Adult Burrowing Parrots had larger red abdominal patches in the average-rainfall year than in the year of La Niña, the red 40.2 ± 1.6 cm 2 , t = 2.363, d.f. = 9, P = 0.042; patch width, La Niña year, 60.4 ± 2.4 mm, average-rainfall year, 68.1 ± 1.7 mm, t = 2.336, d.f. = 9, P = 0.044). The width of the red abdominal patch of adult males positively correlated with male body condition and body mass (mixed-model analysis, body condition as covariate, year as fixed factor: F = 6.002, t = 2.450, P = 0.019; body mass as covariate, year as fixed factor: F = 7.388, t = 2.718, P = 0.010).
Of all morphometric parameters studied (Table 1) , we found statistically significant correlations between the male and the female of a pair for three characters: surface and width of the red abdominal patch (surface, R = 0.336, P = 0.032, n = 41 pairs, Fig. 1b ; width, R = 0.589, P < 0.001, n = 41 pairs, Fig. 1c) , and body condition (R = 0.450, P = 0.004; n = 39 pairs, Fig. 1a) .
Correlations of adult characters with parameters of breeding success and nestling growth Body mass and body condition
The relationship between body weight and body condition of adult Burrowing Parrots and parameters of breeding success and nestling growth, controlled for differences between years, was studied using a mixed-model analysis (Table 3) . Females with higher body mass and better body condition had nestlings with higher pre-fledging masses in both years (Table 3a , b). We found a negative correlation between female body condition and brood sizes at the time of hatching of the last nestling, and 30 days later (Table 3c , d). The same was true for female body mass and brood size 30 days after hatching of the last nestling of the brood (Table 3e ). The brood size decreased more rapidly in the year of La Niña than in the year of average rainfall. From 20 days after the hatching of the last nestling of a nest, the mean brood size was always significantly smaller in the La Niña year than during the year of average rainfall (Masello 2002) .
Male body weight and condition did not correlate with any parameters of breeding success or nestling growth.
Measurements of structural size
The relationship between measurements of structural size of adult Burrowing Parrots and parameters of breeding success and nestling growth, controlled for differences between years, and using a mixed-model analysis, is shown in Table 4 . The results indicate that females alone influenced clutch size and hatching success. Clutch sizes depended only on female reserves, as measured by feather masses (fourth secondary covert) and length (tail) of females (Table 4a , b), while the clutch size did not vary between years (Masello 2002) . In addition, females with heavier fourth secondary coverts had a higher hatching success (Table 4c ). The strong influence of females on the brood size was apparent until 10 days after the hatching of the last nestling (Table 4d , e, f). Only two measurements of structural size of female Burrowing Parrots correlated with nestling growth. The peak mass of first hatched nestlings correlated positively with the length (tail) of females (Table 4i ). The nestling age at the end of the linear phase of wing growth (length 180 mm) of first hatched nestlings correlated negatively with the bill length of females (Table 4m) .
Males, in contrast, had a stronger influence on the growth of structural characters of the nestlings: bill, tarsus and wing (Table 4 ). The pre-fledging bill length of first-hatched nestlings was positively correlated with the bill and tail length of male Burrowing Parrots (Table 4j , k), while the maximum tarsus and wing growth of first-hatched nestlings was positively correlated with the tail length of the males (Table 4l , n). Influence of male structural size on brood size appeared 20 days after the hatching of the last nestling (Table 4g ). Males with longer bills (or older) had the bigger broods at that time. 
Size and ornamental feathers of Burrowing Parrots
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Measurements of the red abdominal patch
The relationship between measurements of the red abdominal patch of adult Burrowing Parrots and parameters of nestling growth was studied using mixed-model analyses (Table 5) . Two parameters of nestling growth positively correlated with measurements of the red abdominal patch of adults: pre-fledging mass (Table 5a ) and pre-fledging bill length of first-hatched nestlings (Table 5b-d) .
Discussion
This paper reports morphometric data of genetically sexed Burrowing Parrots and, to our knowledge, is the first study of the relationships between body size, body condition, breeding success and ornamental feathers in wild Psittaciformes. We found that morphometric parameters varied with environmental conditions and sex, that adults mated nonrandomly, and we identified the red abdominal patch as a signal of individual quality.
Variation between years
Precipitation is the main limiting factor of primary production in arid and semi-arid zones such as the Patagonian steppe (see Golluscio et al. 1998) . The strong La Niña event initiated in May 1998 caused an important food shortage. Most of the crops in the region frequented by the parrots failed, and large sectors of the steppe burned as a consequence of the dry conditions (JFM, personal observation). During the year of average rainfall crop production in the region was average (Instituto Nacional de Tecnología Agropecuaria, INTA, Argentina, data available at http://www.indec.mecon.ar) and there were no fires in the steppes sector frequented by the Burrowing Parrots (JFM, personal observation).
We found significant differences in adult morphometric parameters between the year of average rainfall (1999−2000) and the year of La Niña (1998−99) . In our analysis of bodymass variation between years, we found evidence for adaptive mass regulation: during La Niña, adults had higher body masses and body conditions, and heavier fourth secondary coverts (Tables 1, 2 ). These data thus suggest that Burrowing Parrots respond to unfavourable conditions by maintaining their own body condition. At the same time only 65% of the hatched nestlings survived to fledging during the year of La Niña (Masello 2002) while in the year with average rainfall 91% of the hatchlings fledged . No predation of nestlings occurred in these years, and nestling mortality was entirely due to starvation (Masello 2002) , indicating that parents may decrease provisioning under adverse conditions. Heavy investment in current offspring may be associated with reduced chances of survival and future reproductive success (Williams 1966 ). Therefore we would expect a trade-off between the resources allocated to offspring and the resources used for adult body maintenance in any breeding season, resulting in parent-offspring conflict when the resources are limited (Stearns 1989; Bell and Koufopanou 1986) . Animals with a short reproductive lifespan are expected to invest more heavily in current offspring, while those with a long reproductive life-span should allocate more resources to their own survival and thus to future offspring (Trivers 1974) . Psittaciformes are long-lived birds, and adults should therefore use scarce resources mainly for body maintenance. The higher body masses and body conditions and decreased provisioning, shown by adult Burrowing Parrots during adverse environmental conditions at the time of breeding (La Niña year), are in line with this theory. During the year of La Niña adult Burrowing Parrots with longer bills were captured. We suspect that the bill continues to grow in adult Burrowing Parrots and thus bill length increases with age. Although differences were not significant, 7 of 10 Burrowing Parrot adults captured in both years had longer bills in the second year, while three had similar bill lengths. It therefore seems likely that we captured older adults during the year of La Niña. Older and more experienced adults may be able to breed even in adverse environmental conditions. Older adults also have lower residual reproductive values, and should therefore breed despite adverse environmental conditions because they have less time remaining to maximise their lifetime reproductive success than younger adults. Further analysis of this question is required, including data of known-age birds.
The finding of heavier fourth secondary coverts during the La Niña year should be interpreted cautiously. In Burrowing Parrots, moult follows the breeding season (Bucher et al. 1987) . The moult of the primaries starts in November and is complete in most individuals by July, while secondary moult starts in January and continues through August (Bucher et al. 1987) . There is no information available on the moult of the secondary coverts, but the general moulting pattern suggests that the fourth secondary coverts we sampled probably grew shortly after the previous breeding season. In other words, the fourth secondary coverts sampled during the year of La Niña grew after the breeding season of 1997-98, when the environmental conditions, in terms of rainfall, were highly favourable. Thus, the heavier fourth secondary coverts during the year of La Niña most likely reflect the favourable conditions during the previous summer, and the lighter secondary coverts during the second year of our study reflect the adverse conditions during La Niña. Comparable results were obtained by Stratford and Stouffer (2001) , who observed reduced feather growth rates in the adverse environment of fragmented habitat. More analyses of feather growth should be carried out in future breeding seasons in order to interpret these findings in more detail.
Variation between sexes
We observed differences between the sexes in all morphometric parameters in both years in adult Burrowing Parrots (Tables 1, 2 ), females being highly significantly, but only slightly, smaller (about 5%) than males. Sexual size dimorphism is a common phenomenon in birds, males being larger than females in most species. Sexual dimorphism is traditionally associated with inter-male competition for females: larger males will obtain more mates and sire more progeny than smaller males, thus favouring large male size. Sexual selection is expected to be less intense in females, and therefore female body size should be held nearer the size selected by foraging and other ecological factors. For polygynous species, in which a few males can potentially obtain many mates, size dimorphism is expected to be high, while monogamous species like Burrowing Parrots should display little sexual dimorphism. This has been found in the present study and the majority of parrot species (Psittaciformes), which are either sexually monomorphic or display only slight differences in morphometric parameters between the sexes (Collar 1997) . This indicates that competition between males may be rather weak, which is consistent with the monogamic breeding system commonly observed in Psittaciformes (Collar 1997) . Because male Psittaciformes are intensely involved in parental care, we would expect male size to be restricted by the same factors acting in females. Both parents share provisioning, and thus body size should be selected near to the ecological optimum. Sexual selection for large male body size may therefore be counteracted by the requirements of intense biparental care. Sexual dimorphism in the Psittaciformes has been studied in only a few species (e.g. Sagar 1988; Bond et al. 1991; McFarland 1991; Moorhouse et al. 1999) . Sexual size differences in these Psittaciformes are predominately manifested in bill-size rather than in overall body size. Sexual selection, ecological separation of food requirements, and sexual division of labour have been proposed as possible explanations for sexual differences in bill-size (see Moorhouse et al. 1999) .
Red abdominal patch of adults and assortative mating
It has been proposed that bird ornaments are a signal for direct (e.g. good parents) or indirect (e.g. good genes) benefits to prospective partners (Andersson 1994 ), but there is still considerable controversy about these hypotheses (see Senar et al. 2002) . Adult Burrowing Parrots have a red feather patch in the centre of the abdominal region. As has been found for Scarlet Macaws (Ara macao) (Stradi et al. 2001) , the red patch of Burrowing Parrots is caused by noncarotenoid feather pigments (Kay Gruenewald, unpublished data; R. Stradi, personal communication). The decorative appearance of this feather patch suggested that it may be a sexually selected ornament. In monogamous species of birds with monomorphic coloration, like Burrowing Parrots and many other Psittaciformes, ornaments are thought to result from mate choice by both sexes (Andersson 1994; Jones and Hunter 1999) . In these birds both male and female are attracted to each other's identical ornaments. In many monogamous birds with intense biparental care, like Burrowing Parrots , the individual characteristics of a male partner of high quality are therefore likely to be similar to those of a female partner of high quality (Jones and Hunter 1999) .
In our study, we found that the red abdominal patches were larger in the year of higher resource availability, and that the width of the red abdominal patch of adult males positively correlated with male body condition and body mass in both years. Thus, the red abdominal patch appears to be a signal of individual male quality or forging ability. The red patches of females were significantly smaller than those of males in both years (Tables 1, 2e , f, g).
Burrowing Parrots mated assortatively with respect to body condition and red patch size (Fig. 1) . That is, males in good body condition and with large ornaments will tend to mate with females in good body condition and with large ornamental patches. Active mate choice is the most likely explanation for the observed pattern of assortative mating in Burrowing Parrots. Further analysis of this question is required, including data of known-age birds, since an alternative explanation of the observed correlations could be that these parrots form long-lasting pair-bonds from an early age, growing old together and thus, assortative mating could be explained by the similar age of mates.
Correlations of adult characters with parameters of breeding success and nestling growth Body mass and body condition
We found that female Burrowing Parrots with better body condition and mass fledged heavier nestlings than did (Table 3c , d, e). Females were captured when their nestlings were already half-grown, and the negative relationship with clutch size therefore indicates that larger broods lead to increased weight loss of the attending female. These results suggest a differential energetic cost of reproduction, i.e. females provisioning larger broods had an increased energy expenditure compared with females with smaller broods while the energy intake was not increased to the same degree. The allocation of energy between reproduction and self-maintenance has been recognised as one of the most important trade-offs affecting variation in reproductive effort (Stearns 1992) . Mass loss in breeding birds has been documented and interpreted as costs of reproduction in many studies (see Merilä and Wiggins 1997) . But other studies have interpreted the observed mass loss as a result of the degeneration of reproductive tissues during the nestling period or an adaptive adjustment of body reserves to flying with additional load during nestling provisioning (see also Merilä and Wiggins 1997) . These hypotheses have provoked much controversy and data rarely support unequivocally one hypothesis or the other. Our data indicate that the mass loss in Burrowing Parrots was due to reproductive costs.
Measurements of structural size
Relationships between the parental quality, expressed in terms of body size, and breeding success have been studied in several birds (e.g. Chastel et al. 1995; Choudhury et al. 1996; Sasvári and Hegyi 2001) , but not in Psittaciformes so far.
Some structural measures of adult Burrowing Parrots correlated highly with parameters of breeding success (Table 4) . Female Burrowing Parrots with heavier fourth secondary coverts had larger clutches and higher hatching success in both years. The tail length of females also correlated positively with clutch size. As studies using ptilochronology have shown (Grubb 1989; Stratford and Stouffer 2001) , feather growth depends on resource availability and foraging ability of individuals. The differences in feather mass that we observed therefore should reflect differences in foraging ability, the most skilled and experienced foragers having the heaviest feathers. These efficient foragers also produced the largest clutches. We found that the influence of individual quality on clutch size was larger than the influence of overall food availability in a given year (Table 4a , b). These results are in line with several studies on birds that have demonstrated that heavier females produce larger clutches (e.g. Newton et al. 1983) , clutch size being indicative of the fat reserves accumulated by a female prior to laying (Woog 2002) . We also found strong positive correlations between structural measurements of adults and brood size: largesized Burrowing Parrots had a higher probability of producing more fledglings than did smaller birds.
Bill and tail length of adult Burrowing Parrots correlated strongly with parameters of nestling growth such us peak mass, pre-fledging bill length, maximum tarsus and wing growth (Table 4) . In other words, larger-sized Burrowing Parrots had larger fledglings than did smaller birds.
A remarkable point is that while female Burrowing Parrots strongly influenced the parameters of breeding success and parameters of nestling body condition, male Burrowing Parrots strongly influenced structural characters of the nestlings such us bill and tarsus length, and wing growth. There is substantial evidence that skeletal measures of body size are heritable in wild animal populations (see Merilä et al. 2001) . Thus, the strong correlations between male measurements of structural size and parameters of nestling growth provide more evidence of active mate choice as an explanation for the observed pattern of assortative mating in Burrowing Parrots.
Measurements of the red abdominal patch
Adult Burrowing Parrots with larger red abdominal patches fledged nestlings with higher pre-fledging masses and longer pre-fledging bills (Table 5 ). If this highly visible patch serves as an ornamental cue in mate choice, adults choosing more ornamented mates have a higher probability of producing strong fledglings. In order for the patch to be an honest signal, the patch should be costly to produce. The mechanisms and costs of the production of the involved noncarotenoid pigment remain to be identified.
